Radiative corrections with new heavy particles coupling to Higgs doublets destabilize the electroweak scale and require an ad-hoc counterterm cancelling the large loop contribution. If the mass scale m1 of these new particles in in the TeV range, this feature constitutes the little fine-tuning problem. We consider the case that the new-physics spectrum has a little hierarchy with two particle mass scales m1,2 and m2 = O(10 m1) and no tree-level couplings of the heavier particles to Higgs doublets. As a concrete example we study the (next-to-)minimal supersymmetric standard model ((N)MSSM) for the case that the gluino mass M3 is significantly larger than the stop mass parameters mL,R and show that the usual one-loop fine-tuning analysis breaks down. If mL,R is defined in the dimensional-reduction (DR) or any other fundamental scheme, corrections enhanced by powers of M 2 3 /m 2 L,R occur in all higher loop orders. After resumming these terms we find the fine-tuning measure substantially improved compared to the usual analyses with M3 mL,R. In our hierarchical scenario the stop self-energies grow like M 2 3 , so that the stop masses m OS L,R in the on-shell (OS) scheme are naturally much larger than their DR counterparts m DR L,R . This feature permits a novel solution to the little fine-tuning problem: DR stop masses are close to the electroweak scale, but radiative corrections involving the heavy gluino push the OS masses, which are probed in collider searches, above their experimental lower limits. As a byproduct, we clarify which renormalization scheme must be used for squark masses in loop corrections to low-energy quantities such as the B −B mixing amplitude.
INTRODUCTION
Theoretical attempts to unify gauge forces necessarily lead to new particles with masses way above the electroweak scale v = 174 GeV defined by the vacuum expectation value (vev) of the Standard-Model (SM) Higgs boson. Such heavy particles generally lead to unduly large radiative corrections to v 2 , in conflict with the naturalness principle which forbids fine-tuned cancellations between loop contribution and counterterm for any fundamental parameter in the lagrangian [1] [2] [3] [4] . The observation that in supersymmetric field theories [5] corrections to the electroweak scale vanish exactly [6] [7] [8] made supersymmetric models the most popular framework for studies of beyond-Standard-Model (BSM) phenomenology.
Supersymmetry breaking introduces a mass splitting between the SM particles and their superpartners. Increasing lower bounds on the masses of the latter derived from unsuccessful searches at the LEP, Tevatron, and LHC colliders brought the fine-tuning problem back: Specifically, stops heavier than 1 TeV induce loop corrections to the Higgs potential which must be cancelled by tree-level parameters to two or more digits. Owing to this little fine-tuning problem low-energy supersymmetry has lost some of its appeal as a candidate for BSM physics. Nevertheless, analyses of naturalness in supersymmetric theories, which are under study since the pre-LEP era, still receive a lot of attention .
In this paper we study the little fine-tuning problem for the case of a hierarchical superpartner spectrum, with gluinos several times heavier than the stops. The gluino mass is less critical for fine-tuning, because gluinos couple to Higgs fields only at the two-loop level. In such a scenario the usual fine-tuning analyses based on fixed order perturbation theory break down. Denoting the leftchiral and right-chiral stop mass parameters by m 2 L,R and the gluino mass by M 3 we identify n-loop corrections en-
and resum them. These terms are not captured by renormalization-group (RG) analyses of effective Lagrangians derived by successively integrating out heavy particles at their respective mass scales, which instead target large logarithms.
Our findings do not depend on details of the Higgs sector, and we exemplify our results for both the Minimal Supersymmetric Standard Model (MSSM) and its next-to-minimal variant NMSSM. The results also trivially generalise to non-supersymmetric theories with little hierarchies involving a heavy scalar field coupling to Higgs fields and a heavier fermion coupling to this scalar.
CORRECTIONS TO THE HIGGS MASS PARAMETERS IN THE (N)MSSM
We consider only small or moderate values of the ratio tan β ≡ v 2 /v 1 of the vacuum expectation values (vevs) of the two Higgs doublets as the couplings encoded in the superpotential
(1) and the supersymmetry-breaking Lagrangian
with the stop, sbottom, and gluino fieldst L,R ,b L,R ,ψg, respectively. In the notation of Ref. [43] with the well-known one-loop term 
in the (DR) scheme. If one considers very large mass splitting between m L,R and M 3 , one may choose to integrate out these sparticles at different scales and finds µ ∼ M 3 more appropriate than µ = O(m L,R ) in α s (µ) and the first logarithm in Eq. (9) . m and amounts to only ∼ 10% of m 2 (2) 22 I for the numerical examples considered below.
For M 3 m L,R we find for the resummed higher-order contributions:
with
∆ξ L,R controls the renormalization scheme of the stop masses, ∆ξ L,R = 0 for the DR scheme. For simplicity we quote the numerically less important term in Eq. (11) for the special case 
while the running of m 
Thus with stop pole masses no M We have numerically checked that we obtain the same results for m 2 22 in both approaches, i.e. by either employing the explicit resummation in the DR scheme or converting the stop masses to the OS scheme.
NUMERICAL STUDY OF THE FINE-TUNING
We use the Ellis-Barbieri-Giudice fine-tuning measure [10, 11] 
where p stands for any Lagrangian parameter. Using DR stop masses as input we calculate the OS masses which enter the loop-corrected Higgs potential through Eqs. (7) and (14) . For the latter we determine all twoloop contributions to m involving α s , y t , A t exactly. E.g. we go beyond the large-M 3 limit of the previous section and calculate 205 two-loop diagrams in total. For this we have used the Mathematica packages FeynArts [46] (with the Feynman rules of Ref. [47] ) and Medusa [48, 49] , which performs asymptotic expansions in small external momenta and large masses. The analytic methods involved are based on Refs. [50] [51] [52] [53] [54] [55] .
We start with the discussion of the NMSSM: With two of the three minimization conditions we trade the parameters m Finally we remark that also low-energy observables like the B − B mixing amplitude or the branching ratios of rare meson decays (such as b → sγ, K → πνν) involve higher-order corrections enhanced by a relative factor of M 2 3 /m 2 L,R , if the stop masses are renormalised in a mass-independent scheme like DR. This remark applies to supersymmetric theories with minimal flavor violation (MFV) in which the leading contribution is dominated by a chargino-stop loop and the gluino is relevant only at next-to-leading order and beyond. The resummation of the gluino-stop self-energies on the internal stop lines is trivially achieved by using the on-shell stop masses in the leading-order prediction, because the flavor-changing loop is UV-finite; i.e. we face the same situation as with m 2 (≥3) 22 . Thus low-energy observables effectively probe the same stop masses as the collider searches at high p T .
CONCLUSIONS
We have investigated the fine-tuning of the electroweak scale in models of new physics with a heavy and hierarchical mass spectrum. Studying supersymmetric models with M Z < m L,R < M 3 we have demonstrated that the usual fine-tuning analysis employing fixed-order perturbation theory breaks down for M 3 ∼ 5 m L,R . Resumming terms enhanced by M push the physical on-shell masses over the experimental lower bounds. In these scenarios the heavy stops are natural, as their masses are larger than the -parametrically large-self-energies. As a byproduct we have found that low-energy observables probe the on-shell stop masses.
